Bracing after anterior cruciate ligament (ACL) reconstruction for rehabilitation and functional return to activities has been a common practice. Clinicians have believed braces improve the outcome of ACL reconstruction by improving extension, decreasing pain and graft strain, and providing protection from excessive force. However, we hypothesized the use of these braces could not be rationalized by evidence of improved outcome including measurements of pain, range of motion, graft stability, or protection from injury. Several randomized controlled trials (RCTs) have been performed to address these issues. This study represents a systematic review of the Level I evidence (12 RCTs) to determine if appropriate evidence exists to support brace use. We found no evidence that pain, range of motion, graft stability, or protection from subsequent injury were affected by brace use, thus supporting our hypothesis. Level of Evidence: Level I, therapeutic study. See Guidelines for Authors for a complete description of levels of evidence.
Anterior cruciate ligament (ACL) tears are commonly treated with surgical reconstruction to allow patients to return to an active lifestyle. This is especially true if the activities include cutting and twisting and/or jumping. Postoperative rehabilitation is critical to the successful outcome of the surgical reconstruction. Physical therapy frequency and setting, weightbearing, use of continuous passive motion, exercise type, and adjunctive modalities are important issues in the rehabilitative process as are whether braces are worn during the postoperative recovery time and at the time of return to sport. In a survey of surgeon attitudes about ACL reconstruction, Marx et al 12 reported 60% of respondents recommended a brace for the first 6 weeks after ACL reconstruction and 62.9% recommended a brace for participation in sports postoperatively.
Rehabilitation braces are worn after surgery to potentially limit range of motion (ROM) by locking them at certain limits as desired by the treating health care professionals. These braces are also designed to limit extension/flexion motion and varus and valgus stresses at the knee. 7 Proponents believe rehabilitative braces help the patient achieve knee extension, decrease pain, and protect the reconstructed knee from injury and excessive graft strain. They are worn only in the early postoperative period and are not used for return to sport. Limited biomechanical studies have been performed to determine if the braces actually limit range of motion and varus and valgus stresses. The best biomechanical study was performed by Cawley et al 5 in a review of eight rehabilitative braces. The braces were generally able to limit extension and flexion motion, but did not provide good protection and against varus and valgus stresses despite testing at less than the physiologic forces expected to be placed on the braces.
In contrast, functional braces are worn to potentially decrease the risk of reinjury when the patient returns to sport. One biomechanical study suggests braces may limit anterior translation and rotation at low levels of force, but at higher physiologic forces their efficacy is uncertain. 7 Both rehabilitative and functional types of braces represent an additional health care cost for the patient and/or insurance carrier and demonstration of their efficacy would justify their use in ACL rehabilitation protocols. Therefore, it is important to critically examine evidence of efficacy.
We hypothesized the use of these braces could not be rationalized by evidence of improved outcome including measurements of pain, range of motion, graft stability, or protection from injury.
MATERIALS AND METHODS
We searched PubMed for articles published between 1966 and 2005 and Embase for articles published between 1980 and 2005.
We also searched for appropriate articles in the Cochrane Controlled Trials Register. Bibliographies of identified studies were searched, and a hand review of appropriate journals published during the last 6 months was performed. Database search terms included "anterior cruciate ligament," "ACL," and "truncated brace" (brac#). This search identified 193 studies for potential inclusion. Inclusion criteria included English-language, randomized clinical trials, and bracing as part of ACL reconstruction rehabilitation. Exclusion criteria included a lack of true randomization, subject matter not pertaining to ACL reconstruction rehabilitation, or non-English language. Twelve studies were included in this systematic review ( Table 1) . We (RWW, GBF) performed quality appraisal, and potential study flaws and biases were identified. Study quality was appraised by a variety of factors reflecting the CONSORT Statement regarding RCTs. These factors included form of randomization, loss to followup, dropouts, outcome parameters measured and how measured, blinding, use of an independent examiner, selection bias, performance bias, detection bias, and attrition bias Eleven articles investigated postoperative rehabilitative bracing. In 1979 Häggmark and Eriksson 8 evaluated 16 patients prospectively randomized to a cylinder cast or a cast brace with ROM of 20°to 60°worn between postoperative Weeks 2 and 5. Randomization was not discussed and the results were not statistically evaluated in the study. The authors stated ROM was achieved sooner in the cast brace group and less thigh muscle atrophy was observed. Succinate dehydrogenase activity, a measure of oxidative enzymatic activity, was reduced compared with the control leg in the cylinder cast group. No difference between the operative and control leg was noted in the cast brace group. Muscle biopsy showed a reduction in the size of Type 1 fibers as compared with Type 2 fibers in the cylinder cast group operated leg. No difference was noted in the cast brace group operated leg.
Feller et al 6 evaluated the use of a hinged brace that passively assisted extension. Forty patients were randomized after endoscopic autograft bone-tendon-bone reconstruction. Randomization technique was not discussed, but the groups seemed equal. The 20 patients in Group 1 each wore an extension assisting brace at full extension at all times except for physical therapy, home exercise, and bathing. The 20 patients in Group 2 wore no brace, but followed the same therapy protocol. The patients were asked to wear the brace for 6 weeks, but compliance was incomplete. Fourteen patients wore it for 6 weeks, four patients wore it for 4 weeks, two wore it for 3 weeks, and two wore it for 2 weeks. Assessment included passive and active flexion and extension, knee laxity using the KT1000™ Knee Ligament ARTHROMETER (MEDmetric Corp, San Diego, CA) at 20 pounds, and dynamometer assessment of hamstring and quadriceps strength at 4 months. No substantial difference was observed in any measurement at the 4 months after surgery. The authors concluded the extension brace was of no benefit after ACL reconstruction.
Harilainen et al 9 prospectively evaluated patients after endoscopic or arthroscopically assisted autograft bone-tendon-bone reconstructions with and without a rehabilitation brace. Sixty patients were randomized by birth year, and there were three revision reconstructions in each group. Each patient in Group 1 wore a rehabilitation brace for 12 weeks. During the first 3 weeks the brace was locked at 0°to 90°during the day and 0°at night with "limb weight" (author's term) weightbearing. During Weeks 4 to 6, the patients were able to bear full weight with the brace locked at 0°to 120°. During Weeks 6 to 12, patients were able to bear full weight with free ROM in the brace. Patients in Group 2 wore no brace, but used crutches with "limb weight" weight-bearing for the first 2 weeks and were then able to bear full weight without crutches or a brace for the next 10 weeks. The outcome was determined by Lysholm knee score, Tegner activity scale, instrumented laxity (CA 4000, OSI, Hayward, CA), and peak quadriceps and hamstring isokinetic torque at 1and 2-year followup using independent examiners. Four patients were lost to followup at 2 years. No differences were observed in any parameter assessed at any followup. Weaknesses of the study included potential selection bias attributable to the mode of randomization. Statistical methods were not discussed.
Kartus et al 11 assessed the value of a rehabilitation brace in 78 patients who had consecutive endoscopic bone-tendon-bone ACL reconstructions. Group A consisted of the first 39 consecutive patients who had ACL reconstruction and who wore a rehabilitation brace locked in extension and opened for exercise for the first 4 weeks after surgery (range, 3-6 weeks). Group B consisted of the next consecutive 39 patients who had ACL reconstruction and wore no brace. Patients were assessed using KT1000™ Knee Ligament ARTHROMETER for knee laxity, Lysholm knee score, Tegner activity scale, International Knee Documentation Committee (IKDC) 1991 scores, and one-leg hop test. Examination was performed by a blinded independent examining orthopaedic surgeon and physical therapist. No difference was noted in any tested parameter at 2-year followup. Additional surgery was required in both groups. Fourteen patients in Group A required additional surgery, including six for arthrofibrosis. Twelve patients in Group B required additional surgery, including five for arthrofibrosis. The authors concluded they could not verify their hypothesis that graft protection with a rehabilitative knee brace in the early postoperative period improved stability and function. Biases included selection by consecutive series.
Timm 18 evaluated lower extremity strength recovery using a Protonics resistance hinge (Inverse Technology Corp, Lincoln, NE) on a rehabilitation brace following autograft bone-tendonbone reconstruction. Sixty patients were prospectively randomized to one of two groups. Patients in Group 1 wore a rehabilitation brace for 14 weeks. The brace was locked at 0°for ambulation during the first 6 weeks and was unlocked during the following 8 weeks. Group 2 wore the same brace adapted with a Protonics resistance hinge brace. Randomization technique was not discussed, and the study was funded by a research grant from the manufacturer. The study was designed to determine how long it took the patients to achieve 80% strength of the opposite normal extremity. This was determined by isokinetic testing and functional tests including the one-legged vertical jump test, the one-legged hop for distance test, and the one-legged timed hop test. Instrumented laxity (KT2000™) also was tested at 4 weeks and 1 year. The group using the Protonics resistance hinge met 16 evaluated a hinged brace versus neoprene sleeve during 6 weeks after ACL reconstruction. Forty patients were randomized to wear a hinged brace or neoprene sleeve and were evaluated for outcome by KT1000™ and one-leg hop test at 6 months and 12 months. Range of motion of the brace was increased as tolerated, but the rate of increase was not discussed in the study. This represented 42% of the ACL reconstructions performed during this time. Randomization method, blinding, and independent assessment were not addressed. Cybex testing and ROM were evaluated at 6, 12, 24, and 52 weeks. Tegner and OAK (Swiss Orthopaedic Society) subjective scores were obtained. Isokinetic testing revealed similar laxity in the two groups at all times. The authors suggested the neoprene sleeve improved ROM during the first 12 weeks, but provided no supportive data. One-leg hop was better (p < 0.05) in the neoprene sleeve group at 24 weeks. There were no differences in subjective scores between the two groups. Given the randomized group only represented 42% of the reconstructions performed during that time, there is a potential selection bias for this study.
Risberg et al 17 evaluated the use of rehabilitative and functional braces for the first 12 weeks after autograft bone-tendonbone reconstructions. The study was single-blinded and prospectively randomized using block randomization of 60 patients after a power study that determined 22 patients were needed in each group. Patients in Group A wore no brace and performed standard physical therapy. Patients in Group B wore a rehabilitation brace for the first 2 weeks and a functional brace for the following 10 weeks locked at 0°to 90°for the first 6 weeks. Patients were allowed full ROM for the remaining 6 weeks. The patients were asked to wear the brace 24 hours a day for the first 8 weeks and when awake for the remaining 4 weeks. Ninety-three percent of patients were followed up and Group B patients were 76% compliant. Patient assessment included KT1000™, Cincinnati rating scale, Tegner activity scale, ROM, computed tomography (CT) scan of the thigh to determine atrophy, Cybex 6000, three functional tests (stairs hopple, triple jump, and single-leg hop), and pain visual analog scale (VAS). Measurements were obtained preoperatively and at 6 weeks, and 3, 6, 12, and 24 months postoperatively. KT1000™, isokinetic testing, functional knee test, pain VAS, and Tegner activity scale were similar in the groups at all times. The Cincinnati score, a patient-and physician-based knee outcome score, was increased for the brace group (p < 0.05) at 3months. There was no difference at any other point. An increase (p < 0.0001) was observed in thigh atrophy in the brace group at 3 months as evaluated by CT scan. The authors concluded bracing offered no improvement for stability or functional testing except for improved Cincinnati scores at 3 months after surgery in the brace group.
Möller et al 15 evaluated the use of a rehabilitation brace in unilateral ACL endoscopic or two-incision bone-tendon-bone re-constructions. Sixty-two patients were prospectively randomized. Surgeons were blinded to treatment. The method of randomization was not discussed. Ninety percent of patients were followed up at 2 years. Patients in Group A wore no brace. Patients in Group B wore a rehabilitation brace 24 hours a day for 2 weeks locked in full extension when bearing weight. They wore the brace only during the day for the remaining 4 weeks. Compliance was assessed by asking the patients if they wore the brace. The parameters included instrumented laxity and isokinetic peak torque preoperatively and at 6-month and 2-year followup. One-legged hop was assessed at 6-month and 2-year followup. ROM, midpatella circumference, and VAS for pain, discomfort, and instability were assessed preoperatively and at 2, 6, 12, and 24 weeks and 2-year followup. Lysholm and Tegner scores were assessed preoperatively and at 12 and 24 weeks and 2-year followup. No difference was observed in laxity, ROM, isokinetic testing, one-legged hop, Lysholm score, or VAS at any point. Tegner score increased (p ‫ס‬ 0.004) in Group A (no brace) at 6 months, but was similar in the two groups at 2 years. Swelling circumference was decreased (p ‫ס‬ 0.003) at 2 weeks in Group A, but was otherwise equal. The authors concluded postoperative bracing provided no benefit by subjective or objective measurement up to 2 years after surgery.
Brandsson et al 4 evaluated the use of a rehabilitative brace for 3 weeks versus no brace after ACL surgery. Fifty-two patients were randomly assigned to the two groups. Randomization method was not discussed. Patients in Group A wore a rehabilitation brace 24 hours per day including during therapy sessions. The ROM allowed in the brace was not discussed. Patients in Group B wore no brace. Both groups progressed to full weightbearing as soon as tolerated. Two patients dropped out of Group A and five dropped out of Group B. Outcome assessed at 2 years included Lysholm score, Tegner activity level, IKDC evaluation, one-leg hop, KT1000™, and isokinetic torque. A pain VAS, early complications, and additional surgery were prospectively evaluated during the early postoperative period. An independent observer was used for the evaluations.
The pain VAS demonstrated a decrease (p ‫ס‬ 0.04) in pain in Group A at 2 weeks. The authors observed a trend toward decreased swelling, hemarthrosis, and wound leakage in the group wearing the brace (Group A), although they did not describe how they measured or determined these findings. No other parameter showed a difference between the two groups. The authors concluded there was a trend toward fewer early postoperative complications in the braced group, but there was no difference in function or laxity at 2-year followup. The authors have discontinued use of a postoperative rehabilitation brace.
Melegati et al 14 studied the effects of a postoperative rehabilitation brace locked in full extension during the first week after endoscopic bone-tendon-bone ACL reconstruction. This prospective study used alternate randomization after completion of the procedure. Thirty-six patients participated in the study. In Group A, 18 patients wore a rehabilitation brace locked from 0°t o 90°. In Group B, 18 patients wore the brace locked in full extension for the first week. In both groups the brace was unlocked twice a day for exercise sessions. During the second week both groups wore the brace locked from 0°to 120°. Bracing was discontinued in both groups after 2 weeks. Bubble level heel height difference was measured preoperatively and postoperatively at Weeks 2, 4, and 8. KT1000™ instrumented laxity was assessed at the fourth postoperative month. Heel height was not different at 2 weeks and preoperatively. Group B had less (p ‫ס‬ 0.002) heel height difference at 4-week followup (0.6 cm vs 2.2 cm). Heel height difference in Group B was also less (p ‫ס‬ 0.001) at 8 weeks (0.1 cm vs 1.6 cm). KT1000™ assessments were similar 4 months. Selection bias may have occurred because of the method of randomization and because all patients were male. There was also a difference in the groups based on time from injury to surgery. Group A was 6 ± 1.8 months from injury, whereas Group B was 12.3 ± 9.6 months from injury. The authors concluded locking the brace in extension assisted in achieving full extension postoperatively while posing no risks to increased laxity in the knee.
Henriksson et al 10 evaluated ROM in patients randomized to a plaster cast or rehabilitation brace after endoscopic autograft bone-tendon-bone reconstruction. Randomization was not discussed. In the group receiving plaster casts, patients were placed in a cast from mid-thigh to just above the ankle with the knee in 10°of flexion. In the brace group, the patients wore a rehabilitation brace locked in full extension during the first 6 postoperative days. During the next 2 weeks the patients performed ROM exercises with the brace locked at 0°to 90°, and walked with the brace locked in extension. Evaluation included ROM, Biodex dynamometer (Biodex Medical Systems Inc, Shirley, NY) strength testing, instrumented laxity as measured by the Stryker Knee Laxity Tester (Stryker, Kalamazoo, MI), and Lysholm and Tegner scores. The only difference observed was decreased hamstring strength (p < 0.01) and quadriceps strength (p < 0.001) at 24 months in the braced group. Three patients in the plaster group had an extension lag of 5°at 12 months and one patient in the brace group had an extension lag of 5°at 12 months. One patient in the plaster group required arthroscopy for débridement and mobilization. The authors concluded the strength deficits observed in patients in the braced group occurred because they did not require the more intensive physical therapy to achieve ROM required by patients in the plaster group who therefore worked more intensely on muscle strength. They also concluded early mobilization may not be required to achieve adequate ROM at final followup.
McDevitt et al 13 report the only prospective study to evaluate functional braces after ACL reconstruction. In a multicenter study of the three largest service academies (US Naval, Air Force, or Military Academy) 100 patients were randomized by random numbers or coin toss to one of two groups after bonetendon-bone reconstruction. Patients in Group 1 wore a hinged knee brace locked in extension for 3 weeks, removed two to three times a day for physical therapy. During Weeks 3 to 6 the brace was set to allow ROM from full extension to within 10°of the flexion achieved in therapy. Six weeks after surgery the patients were fitted with an off-the-shelf functional ACL brace and asked to wear it full-time for 6 months and during "rigorous" activities for at least 1 year. Patients in Group 2 wore a knee immobilizer for 3 weeks, removed only for physical therapy two to three times a day. All bracing for Group two was stopped 3 weeks after surgery. The physical therapy protocol was otherwise identical for both groups. Outcome was assessed by subsequent injuries, ROM, heel height differences, isokinetic strength, one-legged hop, Lysholm score, IKDC score, instrumented laxity, pivot shift, Lachman test, and a brace questionnaire. Ninety-five patients (47 braced and 48 nonbraced) were available for final followup at a minimum of 2 years. Five were lost to followup because they left the academy or quit the study. One patient in the nonbraced group did not return to his previous level of activity. Three patients in the nonbraced group and two in the braced group had reinjury to the knee. One patient in the braced group fractured her patella 6 weeks after surgery and another partially tore her ACL graft while wearing her brace 11 months after surgery. One patient in the nonbraced group tore his graft 9 months after surgery while skiing. One patient in the nonbraced group had a partial graft tear playing basketball and another tore his meniscus while playing football. ROM was similar in the two groups. Two patients in the braced group and one nonbraced group underwent reoperation for loss of extension. Heel heights were similar, as was isokinetic strength. Ninety percent of patients of both groups had strength greater than or equal to 90% of that of the contralateral leg. One-legged hop, Lysholm and IKDC scores, KT1000™ assessments, and Lachman and pivot shift tests were similar. Thirty-eight of 47 patients in the braced group completed a brace questionnaire. Patients frequently reported improper brace fit, slippage, and negative effect on sports performance. Positive comments included feelings of confidence and security while wearing the brace. Eight patients (21%) admitted to stopping brace wear prior to the 1-year prescription (average, 8 months). Nineteen (50%) said they would wear a brace again for a similar injury. Because of the low reinjury rates (6% of patients in the nonbraced group and 4% of patients in the braced group), 1800 patients would have been required to conclude with 80% power that bracing did not affect reinjury. The authors focused on the other assessment parameters to reach their conclusion that functional bracing did not influence clinical outcome after ACL reconstruction. Currently, the authors prescribe a knee immobilizer for 2 to 3 weeks after surgery and then no routine functional bracing for return to sports.
RESULTS
The studies all demonstrate substantial weaknesses. We found no evidence supporting the routine use of functional or rehabilitative bracing in a patient with a reconstructed ACL. In particular no study demonstrated a clinically important finding of improved range of motion, decreased pain, improved graft stability or decreased complications and reinjuries. cessive force. However, both rehabilitative and functional types of braces increase health care costs for the patient and/or insurance carrier. Therefore, we believe it important to critically examine the evidence for efficacy.
The weaknesses of our systematic review include the inherent weaknesses of the randomized controlled trials. Unfortunately with a large heterogeneous group of outcome measures we were unable to pool data for a potential metaanalysis. Were a metaanalysis possible, we suspect the conclusions would not be changed, however. Functional bracing has only been evaluated by one randomized trial, which was underpowered. Given the low incidence of ACL graft failure this will require a large randomized trial for conclusive answers. Lack of power is a problem in many of the rehabilitative bracing studies. Strengths of our study include the ability to systematically review a series of randomized controlled trials, thus increasing the level of our systematic review and the conclusions we were able to reach.
All 11 studies have various potential biases. Potential selection and/or observer bias is present in all of the studies because of failure to disclose randomization methods, blinding, or use of an independent examiner. Compliance, critical in studies of this type, was only addressed in the studies by Feller et al 6 and Möller et al 15 Few studies used power calculations to determine necessary group size or included confidence intervals. Only Risberg et al 17 described a power study to predict the necessary study size to appropriately assess differences. Thus, all of the remaining studies have the potential for Type II error with failure to detect a true difference. The use of independent examiners was only described by Harilainen et al, 9 Brandsson et al, 4 and Kartus et al 11 ; observer bias may be present in the remaining studies. Blinding of any part of the study was only addressed by Möller et al, 15 Kartus et al, 11 and Risberg et al. 17 Numbers in the studies typically were small and confounding variables such as differing demographics and intraarticular pathology may have been present. Dropouts and patients lost to followup were seldom documented. Despite this, the overall conclusion of this group of studies is that postoperative bracing is not necessary after ACL reconstruction. Melegati et al 14 demonstrated improved extension after use of a rehabilitation brace locked in full extension during the first week after surgery. No other study demonstrated a clinically difference with the use of a rehabilitation brace. Additionally, no study demonstrated a deleterious effect including increased knee laxity in patients with no brace.
Functional knee braces have been prescribed frequently in the past despite little scientific evidence of their effectiveness. In a study by Marx et al 12 on beliefs and attitudes of members of the American Academy of Orthopaedic Surgeons regarding ACL injuries included bracing issues in their survey. Sixty percent of respondents indicated they recommended a brace for the first 6 weeks after ACL reconstruction, and 62.9% recommended a brace for participation in sports postoperatively.
Beynnon et al 3 tested in vivo ACL strain using a Halleffect strain transducer applied to normal ACLs after arthroscopy with patients wearing seven different versions of custom or off-the-shelf functional braces. Under low anterior shear loads, two braces provided some strainshielding effect. At the higher loads seen in athletic activities no brace showed a strain-shielding effect. Bracing was evaluated for tibial translation in ACL-deficient patients during weightbearing and nonweightbearing conditions and the transition between them. 1 Functional braces decreased the tibial translation during weightbearing and nonweightbearing conditions, but did not affect the transition between the two states. 1 Whether braces improve stability during athletic activities requiring this transition was questioned.
Bracing may improve proprioception. Beynnon et al 2 reviewed the available evidence for proprioception effects of bracing in ACL deficient and ACL reconstructed knees. The authors concluded bracing did not improve the threshold to detect passive motion in ACL-deficient knees. In reconstructed knees no improvement was observed for bracing 2 years after reconstruction. Anterior cruciate ligament-deficient patients who cope poorly with injury and choose to forgo surgery may benefit from bracing. Future studies should address this subset of patients.
Based on the available evidence, including the recently published random controlled trials, physicians should question the routine prescription of functional ACL braces. The question of functional bracing in preventing subsequent injury could not be addressed by McDevitt et al 13 because of the low rate of reinjury in the braced and nonbraced groups. A Type II error with a failure to reject the null hypothesis is possible.
Review of these 12 randomized clinical trials evaluating bracing in ACL reconstruction rehabilitation failed to provide compelling evidence to support routine use of braces. This is true in the use of rehabilitative braces in the early postoperative period and in the use of functional braces for return to sport. Many of the studies failed to address or control for potential biases, but even with these weaknesses the evidence did not demonstrate improved range of motion (extension), decreased pain, improved graft stability, or decreased reinjury in the nonbraced control groups. We conclude the use of these braces is not supported by currently available evidence.
